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(57) [g^f] 

mm®$5 no a ) » i ©««#tm*« 

m i ©b«hb*«5« 2 cdrs»i 

4, c) ft 1 0R*ttttf4*d*. »l*J«fcWI|l2<Dil 
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112 



(2) 

1 

[bb*hi ] a) y-vmmt. 

c)Sl <DBWfl*f»**t?» 1 <Dif H#@, S 2 CDH 

it#t*f4£^t?S2 omtML tfiss i <Diiii# 

&SHeK& ( i c) «3§r&or. io 

a) s mmwm^m^mi<D 

c) tt9 1 <DR«tm<4«$», ®m\*5£vm2<Dm 
m&mzm ^ s 3 <omm»m t . 

d) HM^jr^a^tt^ *dtf. ICS 

[fi*^3 ] tolBS 1 ©Baftt*J4tt* ZrO j4 H 
fO,, TiO,, *5cfc?>'Ta 2 O s ^e>^€)gf^6iM!^^ 20 
ft, BUlEm2CDSmW*4{i, A 1,0,, A I N, Si 
N, Si,N«, feiffS i 0>e>ft48^6aR3ti 

[««a4] mm 1 ©BI«»»**W. A 1,0^ A 
IN, SiN. Si 3 N 4 , S i O.jfcfcttSStt* 

6iBtR<5*U fijia»2©ii*{tttm, ZrO Jt Hf 

[i»«3I5] MIES 1 5 0*>Wh 

n-A*«<DJ¥£r&&, lf*3B2CCtaiEOSia@!5flt 30 

C»*3B6] MES 1 ©SS»f*JB«. #}2-5:*>y 
[fjt*3S7] BfBEm2©SSS(*:IB«, 5 0t>Wh 

m^ms] 8wa»2©si«*ji«, #32-5 

J§o 40 

[ m^m 9 ] tut as 1 <Dmnwm t wn&¥m»miR t 

[»*3Sio] WEKft^yra*. i^>'j3>w 

sn*. ft*3S9tcia*gomsiHis8«i§o 
[ia*3ii 1 ] mria*z»*SfiiBJfiaaffii(OMtc, 

iggKDfjiaS 1 ©Bt«fl*M4*i <t cfflwa» 2 ©gmtfcW 
tt©lTO©^©JB#»ASftfc. if *3 2 «cf ei£<Dli 
fflaggfltiS. so 
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in^m 1 2 ] fjfaa^(D3^s<7)@«, $^20-20 

1 1 &ciai8<D^«@8&«fc§ 0 

13] a ) ¥»#««<D±ffiK:S 1 CDltHf* 
JB*JBJ5E-r -SXSi . b ) m% 1 <D§§Hf*JlCD±4CS 

2 OMUtiltttSIli . 

c) I^2<Di§1I#®<D±«:, S3<DS§«f*Jl*ff5l?J-r 

tm^ncmfnm^dtf. xs<t, si^# 

[8»«31 1 4 ] i!yia^ftS&£JH^4 0 0g^6 

9 0 os©Hi©iasr7^-y >^ufria^mf$x^ ? 
^^ec^-r^x^secc^, mm 1 3 casn©:* 

[ts*3 1 5 ] sjia^«^x $ v ?±.tcmw5*mm 

[ Ht*3I 1 6 ] mftaiS 1 <Dif IS #H £ JFJ/ST £ X*I 

« % fs^itsa^fflot, tufas 1 

*^-T4, Iit*3gl 3 Ctia*£<D#i* 0 

1 7 ] tufas 2 (Dmn#m$:&f8 t '?2>JM 

« % #MTJi*®a^:fflc^r, wses 2 

[111*31 1 8 ] tufas 1 (omnftmzjfm? 
\t % mm+mmm&zm^x. tufas 1 ©s«*tffl© 

S 1 <DmffE(*^:iiS*r 4, 1 3 CCgEKO^ffi. 

[ is*3 1 9 ] frsa» 1 <o m m&z mi tux. mm 
[««3H2 0] uiem 1 (ommmt. 

]5ES*i/c#5WFHiUrJtffl3tiS, 19*31 8 KfHiS 

[IS*32 1 ] mm 1 CDItulgffcte:, ZrCl,, V 
frzi-^KAV-JviZ*^ F («TZ r (iOPr) 4 

n-h (OTZr ( tmhd) «£8Bf> ^6<cS» 

[ ts*3 2 2 ] ureas i <o^m»^ srjBjssr s n 

ffllV BJfBS2<DBf«ttJB*JKfiRr-5Xg«. 3f3E<DB$ 
4, M*S1 3CCiatSCD^o 

[ft*32 3] srsasio^-y^ hfcj:amias2 
-cc^o^J®$n^>, «*3i2 2ccia*E<D*ffi. 

[ it 3jas 24] x ^ y > tf&mtwwmxmzy 3 
n^, tft*32 2 6cgat8<D^*6. 

[ 11*312 5 ] fufES 1 ®B««B*»J«-S-5Xg 



* 



» 



3 

[m&m2 6] Miami ©*-y* h*?j:a^iBm2 

19^2 5CClEtg<D^o 
[0 00 1 ] 

(LSI) tii&^a-feXKIHU <fcOS»Bfc:H:, 
[0 00 2 ] 

['{&£<Dmffi] m&<D v l s i mffiiz. mos^^ 

#ffi/hSft«wscco*v y- h <b * + * ;i>««iari5j 

-Ho*^^>ar>^*jNB#r5/c«c>cc % s i o,m<om 
ai««*tf**ffliis c <t#as lis 

[0 0 0 3 ] 

[ftM^ISS^LJc^irSBBBI] ±IBC0h igh-ki 

[ 0 0 0 4 ] ]gU h >*;l/^CD/cg>&t. 1. 5nmcfc 
9&$SC>S iO.Kt — JttffjCC CMOS T^-f* CD^ 
-hR»#iUTte/Br 3^ SiO^Ti 

Mm (EOT) : 1 . 5nm^WT^h igh- kjg(£> 
[0 0 0 5 ] 

[»«*»&***#©*&] ±*wfttttt**fts-e 
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[0 00 6] MOS h5>i^X^CDy- hmSi-eOT 
<D^-^^;l/$I^iCDracD^^*y Tt Ut, high- 

[000 7] high- kUlftS^, «5n/cgl 
[ 0 0 0 8 ] *«WCC<t4MOS h7>^^(J, a) 

10 b) gy- hmg<DTtc±ffi^w-r-s^ 

c ) » 1 1 ©Sia 

gai i ©sm*m*^tf^3 omfflre^a. »y 

[0 00 9] **?BCC <fc;l/^BR«(4:^ £ v Z&^t* I 
CO/cfecO^HSS ( I C) *jS«, a) »1<DSS«* 

*«*a«*«9*i<o«w#»4. b) 
20 »2©»«fttt»*s*, »sii<D9is#n«a992 

c ) Bflf 1 <0»*«*tfitS*. ill 
teJ:iyW2(DR«»fli*a5*3©SI«*»i. d)lg 

[ooio] frjiB^ i comn&ttm*. zro 2l h f 

O,, TiO z , *$J:CXTa a O,^6ttSaf^6iliRS 
ft. BUlE»2CDSS«*W**«, A l 2 O a , A 1 NL Si 
N, Si 3 N 4 , *jJ;tfS i O.^ettaSfrfeJBtRSti 

30 [ooii] iuisgr 1 ©8S«#tmra. a 1 2 o 3 , a i 

N, SiN, Si 3 N 4 , feiffS iO>64SS* J 6 
®!R£ft, H5iB»2<08l«(2H5fStt, ZrO,, Hf 
0 2 , Ti0 2 , feiOfTa.O.^ettSS^e'JBlRSti 

[0012] mrian i (omm&mtes 5ot>^hp 

[0013] fjgB» 1 <DSt«f*JH ^j2-5^->yx 

[o o i 4 ] mmm2<Dmm&mte. 5ot>^xhD 

[0015] BJia»2(DKattB«, ^j2-5^>yx 

[0016] mrta^ i ©R^JiifrgB^ftsSi© 
m^nx $ n/c»{t^ »; r * $ h &t^A,r & 

[0017] frjiB®{t^' »; r^, mitu v ^ >te<tvK 
ffi b > y =i > e> & ^ e as? <* n 4 tm-cmfc $ n 

[0018] mrffi*w<*s«4«rE*ffi<!:©racc. 
so a^cD^s<DH^JfA$nr4><fccs 



1 



5 

[0019] mim&<D&K<om\z. 
> y x h a - Acorns o&ibmz £W ir 4> <£ t,>„ 

[0 0 2 0] *«I8^J:*SI«*X^ y^^fiE-rs* 

4ii4 v b ) nmi (Dmmizmcoi.trcm 2 vmrnwm 

*»**-*xa&. c) tt»2 0BW*»©±«:, S3 

[0021] «HB**ttai«*Sffi*j4 ooa*69o 

8»-r*xa*3 6teSA/CfcJ:l>. . . 
[0 0 2 2] MiaS!*** 5? * ^±CCSffijl€:iia*rS 

[0023] Miam 1 sxais. * 

[0 0 2 4] WKW2 ©»*ftB*»JSSr*XH». # 
[0 0 2 5 ] fijfBJfl 1 OR«#»*»JEiW-*XStt, * 

m=f-mms&&m^x * mm 1 <D««f**m©si 1 <o 

[0 0 2 6] mMEm 1 ©HulKttSBMtOr, MiBSg 1 © 

[0027] Mtsm i (ommmts aEMmtjicmsis 

[0 0 2 8 ] mUSS 1 CDfyggtm, Z r C 1 4 , 5JJb3 
^^A^V7'D^>F (OTZ r ( i OP r ) 4 <bfB 
T) . to£&Zs)\'^ — y&7-b5j*?)\'^72>Zs** 
(WTZr ( tmhd) «<hia*T) *>6ft£SW>6 

[0 0 2 9 ] MfBffl 1 OBW*IB*JBJiW*xatt. 
[0 0 3 0 ] iifTE»l<C>*-yy hfei:0*fjIBS20^ 

[0031] x^*^'j>y»OTMT^f$nt 

[0032] buibs i sxaw:. m 

m<omm. mi<Dz-#? bttncommzm^, mm 
2©BWKtJB*jgji8rsxatt, ^©B#ra, ^2©* 

[0033] mns&KDZ-v-j bis&imKXzv* 
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[0 0341 ^1, S i O, 

h i gr h - k»f*4»A*#»trSS«c«JiR3na^JB 
SlttX^^j&ifiiSn^. h igh-kW4(t IS 
it?*y (TiO.) t mttVfra-QA (ZrOJ fc 
mt^y~V& (HfO,) . mt*>*fr (Ta 
,0,) , is&Zf'lV ^AX hP>^^A^^>SM 
( (Ba, S r ) T i 0 3 ) »S U < 

io Atttttt. WkftTJis 5 ^-r^ a ( a 1 2 Oj ) , fi{fcrn>3 

^A(AIN), ^{b>»;^> (SiN^/diSi 3 
N 4 ) . Sfc»r8^'J3> (SiOJ ^6ilJR3 

a, s/craaft^y^:^**. 

[ 0 0 3 5 ] »'* 0 < high- k ttt»<!:»A*tt4 

U<tf:Jl£5 0:*>^xhP~A*ffiT l && 0 jfAttt* 
tm-fZh i gh-ktffiOMlt #Att*McJ:T>T 

[0 03 6] 3 *^s«x©sss»tm^6>a: 

30 Hi, S2<D)l±CDSlcDJl<h[gC«?4rmfiS3tl/cll 

z v ^ioisi^ti' i c©yt»<Da!SiaK (io« 

20-2 0 0^>^X hn-ACOPB^^^o 
[0 0 3 7 ] *»9BO»iJ©H«SJK«'rtt, Ha@8S«5g 
tt, y-haS4, ±ffl3^y- FaS<DTCCSfc£^* 

S2<DRa*Wf4^$t5 k m2(DRa{*®, <tO'S 1 O 
[ 0 0 3 8 ] #$tm<D^ < oj&XD^fflte:, ^ 'j n 

i^m^^^->r^<boracc»A$n, Rm^x^^^co 
vr*S6cc$t?. nmffiMz, ^{br;u^-^A, s 

{ b V If 3 > , cfc b ^ V =J > * 6 ft £ fflf * 6 m tR 

[0 0 3 9 ] ±ffl*W^4**»*«±^0 I C<DBf& 
50 tC*5C»r, **{t««±CC^JlKS#^$f v m&fii? 



7 

b ) s&2 <Dgs*fl»£f& i <mmwm<D±.icj&i8rtrz>JL 

ltSS(Atomic Layer CVD) (<t£ 10 
^>o #I^liaa(Atomic Layer CV 
[0 04 1] H»(D8t*f*»<DitS[CCjRC^7:. 

[0 04 2] ss<«ia«, icooM^T-f^fc^ 20 

[0 04 3] 

*{c«fc^aiaHiis©Mos h^>^*#y- m«ssi 0 

g& 1 2 ±<E>^ + * )imm l 5 l 4 cd± 

(cMSnt^5 B MOSF7>^^y-hMl0 30 

— S<D*i*«^LS^ + 1 5 oiccffla-rs 

xKibf y =1 >i§mwi 1 6 ^wr ^© 1 8 A 

6(D_hCC0j&i*n, y- h«m O#3£0S3*iS. 
[0 044] SlS3h/cMOS h7>^*», 01*$ 

-f>««2 3, fc<fctf«IMfi»««2 7 fe^tfo L*P 

i8*yfc«^L/ai^. feiT©si§8cc*j(,ir, ccdmo.s 

h7>^*y- h*Jftl OKSfH-f &4t£tt, #«9§ 40 

[0 04 5] I C^-f^©-4"tt*ti/M^ttW4K:o 

zattifcs/y 3 i ecom^h. pjc*+^ 
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(fi20t>^ha-A) <t, — Ml 

ftl££WT£/cg>&C, r h i gr h — k J »»i*tf*i 
4. h i g h- kt«*©fc»C!>«aE©«fi«, Kfb** 
> (T i Oi) , BKt^Un-^A (ZrOJ . 1Mb" 

(HfO,) , WHt2>Z>V (Ta 2 O s ) , 
J:^ij^AXFP>^ I )Af^>Hffl ( (Ba, S 
r) Ti0 3 ) r&£ 0 Cft6CDtff4te: v 
il^co^^ 7* P -fe X ASSIST S P Hz * 

[0 04 6] high- ktflsfte J:0*#Att 

Hfttr. *PA*Wtt»*l/<l*#Mlirr**. »c*h i g 
h- kJB*#«TS»U>#AJHtt. high-klfit 

[0 04 7] «T, B2*#JtgUT % *a»#gfil 1 2 
©ffitt««l 1 4±CCJIM*HI»*jftl 1 OsWBBKSti 

S 1 6«:B(orf^*>-5^JlBI«f*^* ^ 1 1 6 SrWT 
4o MH*i*x#9^U:. ffitt««l 1 4CD±tcifA 
Jil 30^WU, ffAJSl 3 0CD±CCh i gh-kll 

4 0*WT4. i3 05t g?{br;u^^^A (a 

i ,Oj) , mtTh^^i* (ain), s^b^y 3> 

(S i N*/c«S i jNJ , *fc«XBJfb^y=i> (S 

io 2 )*c«^$n5^ w^u<«, «{br;u5^»5 

mfo-V&>Z>* high-klHO^ h i gh-kSf 
**tmT»«3h5. h i » h-kBWIitttWtt, K 
it?5> (TiO,) . BMb^U3-«5A (Z r 0 2 ) . 
BMb^7i-JA (HfO,) . Mfb*>*^ (Ta 

((Ba, Sr) TiOj r«&^. Jff* L< tJZ r 
0 2 , £/c&2H f O.r^-E),, ^2 CDS A® 1 5 Oteh i 
grh-kBl 40±CC^)0, Jf*L<« % #A® 1 3 0 

tt, WAtf, A 1 ,0,/Z r 0 2 /A 1 ,0,/Z r O,/ 
A 1 ,0,/Z r O.Oi^CCJB^ttOS-T. 
[0 0 4 8 ] ^SK^-Tcfc^C. IB©»*fcfctrfdr-> 



* 
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9^^n^o high-klUO £:}¥AJ1 1 3 

[0 049] «»<DJS*Jb&Lfc*i. *Jb»i br«FS« 

C0 05 0] # ah i 3 o b, #s u< iwfc'* y r 

OB, H4Cc^r<fc^«:, iNMt»«i l 2<h^HiftI 

aBB««r5x-r. «&<Dh i sr h - k*M42 3 0*j <fcO'# 
- At*f*2 4 0©JB#, £*^2 1 2±fttC3iStCii«3 
gHBSSW*** * *2 1 6*JKJ5dtOrC^. -Xtc, 
^®J12 1 8 fe-5*^£tt(cJi8ISft4. SSJI2 1 8 
±*<DT'<D&mWm#X* v22 1 6», ^#-~>y 
3tir^6xy^>^3ti, H2CC7n-rai»iaiS«jg* 

[0 0 5 2 ] */c. *»!SO*MK*^^^it *r 

jtx/c»c(j, ^{fy- h«js*5??aEi/fcfi»f Cessnas 
Beit «*»*y- Ko«jsscc*5W**iBa 
^snr&o, ^u-^0^43 i icci:OHan/cBan 
u < bxbk b^ »; =j > * /cBSfb^ y =1 >-c*s. 

[0 0 5 3]H7tt, K#**y-h*»JS8 , r*fc«>© 
BBPSB*Wr*^9*»S3 1 2±CC, »Att*43 3 0 
fcJiO'h i g h - kt*£f3 4 0©5S<DH*CJBfiR3n* 
^■RSf*^» ? ^13 16 i^®13 1 8 irttftaS 

n/c*oa©aB*m-r. B8&c^«jg*siie-r*/c 

AtCtt. ^JBSf«**£ ?*JB3 1 6WO'lil3 1 
8#, ft^WSW«*fctttt©aWtt^nH2^ccJ:D, 
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[0 05 4] H8U« BSIftiL^-HIKBCCjafflShfc 

4 1 4±Kl£>£ P £HB9f«tt* jr 9 ^ 4 1 6 (DB&tp 

£JB34 2 2teJ:tf4 2 4fc»J5RSft4. li4 1 
8B»*1/<B£J1TC*D, ?ig4 22i424t0 

rar ^jtst # * * 4 i 6 ±cc* a. 

[0 05 5] **W©*ffiCC*5WSXg*BI9tC«S;W 
CC^To fSl<DXH5 1 OB, ¥V»«R«ttKT«X 

[0 05 6] XH5 2 OB, ®{br;i^~^A (Ala 

o 3 ) . ^br;us^^A (ain) , Sfb>y3> 

(S i NSWtS i ,N 4 ) , JfcttrWtJ/yaXS 
i O a > fc£©#AtflBk »*C»ttlift3F*> (T i 
OJ , ^{b^;Un^A (Z rO,) , Wt^^i^ 
(Hfd) , mtZZsZfr (Ta 2 O s ) . SfcB'<y 
^AX hP>^^A^^>ilb® ( (Ba, Sr)Ti 
O s ) tci*<Z>h i gh-ktt^6^c^5 0 A*«(Di 

20 i^ita-r^xir^^o h i gh-kttm, »su 

<UZrO„ *fcttHfO,r*4. Jf*U<«* 35 

[0 057] XH5 3 0B, 50A*lOh i gh-k 
*#R*fcB#Atm©5%. XS5 2 0^*813 ttttrt* 
^>A:tfl4*iil»-rS. »*U<B. 35t>^hu- 
A«T<OWJl*«iraStiS. 2 0 *>yx h D-A«T 

[0 05 8] **9!©»*ftSIIBB«rtt. ««±CCffi 
30 «@CD«f4**S-racDCC, #M^HiiS^ (Atom 
ic Layer CVD) ( r/^XCVDj */c» 

USmBitSlffi (AtomicLayer CVD) B, 

m^JB^rJBJS-rS^CC. *ft^3^.«)A (ZrC 
3!E« (H,0) tc^-rc<h«:j:0, y n>±&cB§{t^ 

^A7*P^ + i/ F (Zr (iOPr) ,) *J<t^I/3 
--^Af h7^^J^7'^>^t^-F (Zr (tmh 

d) 4 ) ^^t? 0 fb*«»«. »f-^DSW*-H<*<Diia* 

50 gC^ 0 WAtf. Bfbi/^a-'JAtt, ZrCl 4 *J«fc 
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vutozm^xm&s o ogcossr, *>ya>gfi 

~^A ( DMA H) W^H.Oj&W^n^ illJRl/ 

<t, h i gh-k^teJ:C«fAtl»«cJ:0»ttO»4 

^(Atomic Layer CVD)&tJ;9, 10 
hn~AfcTF<DJli*<D«, JfSKft #}2- 

mmwfi^f ojffe-c* * <t rasas <* nr 

[0 0 5 9 ] ^<Dt/^^A*fflt»fcJJ(OitaiB?«ra, 
^-y^^-^y^^Lt, high-ki/dJ 

*PAtm©»«**«-r*ci'c*-5. iS^s^^co2 

^7^^^t*5, fn-eno^-y^ bra. its 
A^fflii, *ia* + >^rt«cearrs. accc, ccdo 30 

x^*a»HKft5 0 0«OIBOMfcaB»T*. 
CC % T;brf> (A r ) *5J:0*K3R (O,) <OiS^BJ#S 

a^>>^cc3»Asns. ^t»m»5oow-5 
<ra % #51-1 o&<db$hih&. <y*^±<rtT)\sz.~o 

+ yjr-MJtfc^ ^Ira-^AS/* v *-;Mfi 1 
-2 0&©RFWra#, ->*^*±«:^U=J-'5A*iia 

h^o-?*^±^©iWi4Bli»K:iiaiStifc 

^ttOaStl. Al 1 0 3 /Zr0 1 /Al J 0 3 /ZrO l 
/A 1,0,/Z rO,<OJ:5tt^JBBI«#Xdf v ^jWB 

rra, »s^*ts-r^/c^c^-y^ h^eoita^ 
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h£HgTftb9(t, gffitfjl . 000-2, 000 
[0 0 6 1 ] ±&<Dm~ei*. #ABra, high-kl 

ct o t>mtcim$ti*>&. high- kmzmntfcmm 
?z>zti>*mM<Dmmft~eibz> Q tic. mm<ombm 
wom&m— own t tx * /c««f*©ji# $ 

[0 06 2] XII 5 4 Ora, BtS<0»©JB#*^3*i* 
*T, XH5 2 0*5^:^5 3 0 (7)^iIL^^«-r^o § 

*s B$ra * ©jwt * c £ cc j: o mm ^ a o 

[0 06 3] Xg5 5 0 ra, T^3J>. SSR. */c^ 

#H»©i»-rn^"c, ^jH8$*(*x#?**r~-y> 
^r6igr*^> 0 r--y>^ra, »£0<ra, hi 

gh -kJl*5<fcCflfAJl> tt6WCC«^ttJHB<D»B*s 

4 o og-9 o oKccissn/ciaarjgjssns. 

[0 064] ig5 6 ora, MSOJSSIiflKftbJ:^* 

Lrntftv y n > s c & cc«fcc j: < a l r 

*+^>#, aawft^^ey f^-rx, g/tra 

[0 0 6 6 ] 5 6ft4lllft^«^*^©ffiH'CDjf*r 
[0 06 7 ] 

[«W©Jffl*] -hML/Zccb^Cc, h i gh-kWf4fccfc 
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